Abstract: It is believed that gene by environmental interactions contribute to the pathogenesis of autism spectrum disorders (ASD). We hypothesize that ASD are associated with early and repeated exposures to any of a number of toxicants or mixtures of toxicants. It is the cumulative effects of these repeated exposures acting upon genetically susceptible individuals that lead to the phenotypes of ASD. We report our initial observations of a considerable overlap of identifi ed toxic landfi lls in the State of New Jersey and the residence of an ASD cohort, and a correlation between the identifi ed toxic Superfund sites on each U.S. state and the total number of diagnosed cases of ASD in those states. The residence of 495 ASD patients in New Jersey by zip code and the toxic landfi ll sites were plotted on a map of Northern New Jersey. The area of highest ASD cases coincides with the highest density of toxic landfi ll sites while the area with lowest ASD cases has the lowest density of toxic landfi ll sites. Furthermore, the number of toxic Superfund sites and autism rate across 49 of the 50 states shows a statistically signifi cant correlation (i.e. the number of identifi ed superfund sites correlates with the rate of autism per 1000 residents in 49 of the states (p = 0.015; excluding the state of Oregon). These signifi cant observations call for further organized studies to elucidate possible role(s) of environmental toxicants contributing to the pathogenesis of ASD.
Commentaries
The etiology of autism spectrum disorders (ASD) remains unknown but is thought to involve early exposure to neurotoxicants acting upon genetically susceptible individuals. This gene by environment interaction is believed to affect neural development and lead to the behavioral phenotype of ASD characterized by impaired social reciprocity and communication as well as restricted interests and behaviors. The list of potential neurotoxicants as candidates is long and includes metals, solvents, herbicides, pesticides, and drugs. Likewise, the list of gene candidates is long and includes those involved in neuronal development, neurotransmitter synthesis and degradation, toxicant metabolism, and the management of reactive oxygen species. No single toxicant and no single gene alteration have been identifi ed as causal and, indeed, it may be naive to conclude that such would be the case. We now hypothesize that ASD are associated with early and repeated exposures to any of a number of toxicants or mixtures of toxicants, and that it is the cumulative effects of these repeated exposures acting upon genetically susceptible individuals that leads to the phenotypes of ASD.
To date, most studies assessing the etiology of ASD have examined the body burden of one or more toxicants in the affected individual and/or the mother of the affected individual. With very few exceptions, the limitations of such studies include failure to identify dose, frequency of exposure(s), and timing of exposure(s) to the various toxicants. In addition, the general mobility of families makes it diffi cult to identify the local environment during which the critical exposure(s) might have occurred.
Nevertheless, Palmer et al. (2006) found a signifi cant increase in the rates of special education students and autism rates associated with increases in environmentally released mercury in the State of Texas (U.S.A). Furthermore, Palmer et al. (2008) found, in the same state, that there was correlation between the increase in autism rate and power plant emission. An independent inverse association of distance of residence to the industrial or power plant emission sources and the rate of autism was reported. Another study suggested a potential association between autism and estimated metal concentrations, and possibly solvents in ambient air in children who were born in the San Francisco Bay area in 1994 (Windham et al. 2006) . We now report our initial observation of a considerable overlap of identifi ed toxic landfi lls in the State of New Jersey and the residence of an ASD cohort currently under the care of the Pediatric Neurologist (XM). On further investigation, we were able to correlate a list of identifi ed toxic Superfund sites on a state-by-state basis together with the total number of diagnosed cases of ASD, again on a state-by-state basis. Here again, we see a considerable overlap and, of importance, this overlap is stronger for the relationship of ASD than for the total population. Since living in the near proximity of either toxic landfi lls or superfund sites will lead to repeated exposures to mixtures of toxicants, we believe these observations provide general support for our hypothesis noted above.
Participants in the initial observation were children with ASD derived from two groups. The fi rst group was 495 autistic patients evaluated by the pediatric neurologist from 1998 to 2006 through the Autism Center at UMDNJ-New Jersey Medical School. The diagnosis of ASD (autism, pervasive developmental disorder-not otherwise specifi ed or Asperger's syndrome) was made or confi rmed based on DSM-IV criteria. Autism Diagnostic Interview-Revised, Autism Diagnostic Observation Schedule-Generic, and/or Childhood Autism Rating Scale were used for confi rmation of diagnosis in approximately 6% of the children who were/are participating in other funded biological or genetic research projects. There were 372 males and 123 females in this group. The age range of the subjects at time of analysis was 4 to 25 year old. Among the 495 patients, there were 198 patients with autistic disorder, 252 patients with pervasive developmental disorder-not otherwise specified, and 45 patients with Asperger's syndrome. The residence of these 495 patients in New Jersey by zip code was plotted on a map of Northern New Jersey by color code of ASD case density. The toxic landfi ll sites in Northern New Jersey were then plotted on the same map (red dots; was found between the number of cases and the number of toxic landfi ll sites (p = 0.019). The area of highest ASD cases coincides with the highest density of toxic landfi ll sites while the area with lowest ASD cases has the lowest density of toxic landfi ll sites. One apparent exception for this relationship is the New Jersey area bordering New York City. The possible explanation for the low number of ASD cases seen in our center from this particular area with a high density of toxic landfi ll sites may be that the ASD cases from this area are cared for in the medical centers of New York City.
Our second strategy was to examine the list of Superfund sites on a state-by-state basis as identifi ed by the Environmental Protection Agency (EPA) in 2006 {www.epa.gov/Superfund/sites/npl/ npl.htm}. This list was then compared to the total population of that state from the latest 2000 census {www.census.gov} and fi nally with the number of identifi ed cases of autism as compiled by the U.S. Individuals With Disabilities Education Act data in 2006 {www.IDEAdata.org}. The EPA Superfund sites and autism rate per 1000 in the 50 states are shown in Table 1 . The data were subjected to analyses by means of simple regression and correlation. Figure 2 shows that there is a statistically signifi cant correlation between the number of identifi ed superfund sites and the rate of autism per 1000 population in 49 U.S. states (p = 0.015; Oregon was excluded). Oregon is a statistical outlier in this state-by-state correlation as it appears to have the highest autism rate (0.648 autism case per 1000 population) and a relatively low number of superfund sites (11 sites). As noted, the correlation between autism rate and the number of superfund sites exceeds that between the correlation between state population and autism rate.
These observations reveal considerable overlap between identifi ed toxic landfi lls and diagnosed cases of autism/ASD. As with any correlation analysis, it is not possible to conclude the relationship is causal. However, the strength of the correlation and the fact that autism cases related to the number of Superfund sites is consistent with the hypothesis that the etiology of autism/ASD, in part, is dependent upon early and repeated exposure to mixtures of environmental toxicants. The NJ data was not population based and may have been subject to referral bias due to the location of the autism center. In addition, the general mobility of families in and out of the area may have been a confounding factor. Nonetheless, these signifi cant observations provide the basis for further organized studies to elucidate role(s) of environmental toxicants contributing to the pathogenesis of ASD.
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